1 



SEMICONDUCTOR POWER AMPLIFIER AND 
MULTISTAGE MONOLITHIC INTEGRATED CIRCUIT 



CROSS REFERENCE TO RELATED APPLICATIONS 
5 This application claims the priority right under 35 U . S . C . 

119 of Japanese Patent Application No. 86157/2000 filed in Japan 
on March 27, 2000. 



BACKGROUND OF THE INVENTION 
10 Field Of the Invention 

The present invention relates to a semiconductor power 
amplifier and a multistage monolithic integrated circuit which 
are constituted by connecting a plurality of transistors in 
parallel to one another and which can obtain a high output current . 

15 

Related Background Art 

A high output transistor having a large output current is 
constituted by connecting a plurality of transistor units in 
parallel to one another in an equivalent manner as shown in Fig. 

20 1. When the high output transistor shown in Fig. 1 is formed on 
a semiconductor substrate , an element size is enlarged . Therefore , 
a spread of a transverse direction of an input /output wiring region 
acts as transmission lines Li, Lo in an equivalent manner. 

In a high frequency region in which the transmission lines 

25 Li, Lo influence electric characteristics, signal propagation 
o£ an odd mode occurs by an unbalance between the transistors, 
and loop oscillation (including a f/2 spurious oscillation) is 
caused (reference document: MW89-59, page 59 by Research Center 
of Japanese Society of Electronic Communication) . 

30 For example, in a circuit of Fig. 1, loop oscillation occurs 

in loops shown by dotted lines A and B. 

As a technique for preventing such a loop oscillation, as 
shown in Figs. 2 and 3, a technique has been proposed in which 
a balance resistance Rb is connected between output terminals 

35 of two transistors adjacent to each other among transistors Ql 
to Q4, loss is applied to a loop oscillation path and the loop 
oscillation is prevented. Since the balance resistance Rb is 
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connected between the output terminals , a signal loss of the loop 
oscillation path increases, and the loop oscillation can be 
inhibited . 

However, when the balance resistance Rb is added, an area 
5 occupied by an input signal synthesis circuit and output signal 
synthesis circuit is enlarged by the resistance. Therefore, it 
becomes difficult to form the circuit on a semiconductor chip. 
The circuit may also be formed on a ceramic substrate or a glass 
epoxy substrate . In order to reduce a size of an element , however , 
10 a high output amplifier is preferably formed on the semiconductor 
chip to constitute a microwave monolithic integrated circuit 
(MMIC) . 

When the loop oscillation is inhibited by a conventional 
technique in this manner, it is difficult to reduce the size of 
15 the element, and cost cannot be lowered. 

SUMMARY OF THE INVENTION 
The present invention has been developed in consideration 
of this respect , and an object thereof is to provide a semiconductor 
20 power amplifier and a multistage monolithic integrated circuit 
which can be reduced in size and cost, and loop oscillation can 
sufficiently be inhibited. 

To achieve the aforementioned object, there is provided 
a semiconductor power amplifier for amplifying a high frequency 
25 signal inputted to a signal input terminal by first and second 
transistors connected in parallel to each other to output the 
amplified signal via a signal output terminal, the semiconductor 
power amplifier comprising: 

a first capacitor element connected between the signal input 
30 terminal and an input terminal of the first transistor; 

a second capacitor element connected between the signal 
input terminal and an input terminal of the second transistor; 
and 

a first impedance element connected between the respective 
35 input terminals of the first and second transistors. 

According to the present invention, since capacitor 
elements are connected to the respective input terminals of the 
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first and second transistors , and a resistance element is connected 
between the respective input terminals of the first and second 
transistors, loop oscillation (including an f/2 spurious 
oscillation) by signal propagation of an odd mode of a high output 

5 transistor can be prevented. 

Moreover, since a bias circuit is separately disposed, a 
direct current bias can be supplied to the first and second 
transistors . Even when the capacitor elements are connected to 
the respective input terminals of the first and second transistors , 

10 no particular trouble occurs in an operation. 

Furthermore, the present invention is particularly 
effective for a microwave monolithic integrated circuit using 
an MOS transistor and a bipolar transistor by a compound 
semiconductor for use in a high frequency band. 

15 Moreover , there is provided a semiconductor power amplifier 

for amplifying a signal inputted to a signal input terminal by 
first and second transistors connected in parallel to each other 
to output the amplified signal via a signal output terminal, the 
semiconductor power amplifier comprising: 

20 a first inductor element and a first capacitor element 

connected in series between the signal input terminal and an input 
terminal of the first transistor; 

a second inductor element and a second capacitor element 
connected in series between the signal input terminal and an input 

25 terminal of the second transistor; 

a first impedance element connected between the respective 
input terminals of the first and second transistors; 

a third inductor element connected between an output 
terminal of the first transistor and the signal output terminal; 

30 and 

a fourth inductor element connected between an output 
terminal of the second transistor and the signal output terminal. 

BRIEF DESCRIPTION OF THE DRAWINGS 
35 Fig. 1 is a circuit diagram showing a constitution of a 

conventional example in which a plurality of transistor units 
are connected in parallel to one another. 
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Fig. 2 is a conventional circuit diagram in which a balance 
resistance is added to a circuit. 

Fig. 3 is a conventional circuit diagram showing a 
modification example of Fig. 2. 
5 Fig. 4 is a circuit diagram of a first embodiment showing 

a basic constitution of a semiconductor power amplifier according 
to the present invention. 

Fig. 5 is a circuit diagram showing a basic constitution 
of the conventional semiconductor power amplifier. 
10 Fig. 6 is a diagram showing a calculation result of a loop 

gain. 

Fig. 7 is a circuit diagram of a second embodiment of the 
semiconductor power amplifier according to the present invention . 

Fig. 8 is a circuit diagram of a third embodiment of the 
1 5 semiconductor power amplifier according to the present invention . 

Fig. 9 is a circuit diagram of a fourth embodiment of the 
semiconductor power amplifier according to the present invention. 

Fig. 10 is a circuit diagram showing an example in which 
a resistance element is used instead of an inductor element of 
20 Fig. 9. 

Fig. 11 is a circuit diagram of a power amplifier disclosed 
in USP 5,608,353. 

Fig. 12 is a circuit diagram of an MMIC amplifier with a 
two -stage constitution including the semiconductor power 
25 amplifier of Fig. 10. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
A semiconductor power amplifier and a multistage monolithic 
integrated circuit of the present invention will concretely be 
30 described hereinafter with reference to the drawings. 
(First Embodiment) 

Fig. 4 is a circuit diagram of a first embodiment showing 
a basic constitution of a semiconductor power amplifier according 
to the present invention. The semiconductor power amplifier of 
35 Fig. 4 is provided with first and second transistors Ql and Q2 
connected in parallel to each other, a capacitor element (first 
capacitor element) Ci connected between a signal input terminal 
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Pin and a base terminal of the first transistor Ql, a capacitor 
element ( second capacitor element ) Ci connected between the signal 
input terminal Pin and a base terminal o£ the second transistor 
Q2 , and a resistance element ( first impedance element ) Rb connected 
5 between the respective base terminals of the first and second 
transistors Ql and Q2. 

When ahigh frequency signal is inputted to the semiconductor 
power amplifier of Fig. 4 , the semiconductor power amplifier shown 
in Fig. 4 is equivalent to a circuit in which inductor elements 

10 Li, Lo are connected between the capacitor element Ci and the 
signal input terminal Pin, and between collector terminals of 
the first and second transistors Ql and Q2. 

The transistors Ql and Q2 of Fig. 4 are a hetero junction 
bipolar transistor, for example, of InGaP/GaAs, and a 

15 multi-emitter transistor including 16 pieces of transistor units 
each having an emitter size of 4 x 30 pim. 

Additionally, the number and size of the transistor units 
constituting the multi-emitter transistor are not particularly 
limited. Moreover, the transistor does not have to be necessarily 

20 formed of a compound semiconductor. 

Each inductance of the equivalent inductor elements Li, 
Lo is 0 . 1 nH in a line with a wiring length of 300 pn, a capacitance 
of the capacitor element Ci is 5 pF, and a resistance value of 
the resistance element Rb is 5 Q. 

25 Fig. 5 is a circuit diagram showing a basic constitution 

of the conventional semiconductor power amplifier. As obvious 
in comparison of Fig . 4 with Fig. 5, different from the conventional 
circuit shown in Fig . 5 , the circuit of Fig . 4 includes two capacitor 
elements Ci, and resistance element Rb. 

30 Both circuits shown in Figs. 4 and 5 have the same 

characteristics in even mode propagation for operating in parallel , 
and have completely separate characteristics in odd mode 
propagation in which loop oscillation is caused. 

In the circuit of Fig. 4, since flow of a loop oscillation 

35 signal is cut by two capacitor elements Ci, a loop oscillation 
path shown by a dotted arrow yl is obtained. However, since the 
resistance element Rb exists on the path, the signal can 
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sufficiently be attenuated by the resistance element Rb; as a 
result, the loop oscillation does not occur. 

Fig . 6 is a diagram showing a calculation result of a loop 
gain , and shows a state that a ratio of an odd mode input Al ( output 
5 side A2) to an odd mode output Al' (output side A2' ) of a signal 
flow indicating a target for loop oscillation by frequency changes 
(reference dociament: MW89-59, page 59 by Research Center of 
Japanese Society of Electronic Communication) . 

When this ratio exceeds 1, the loop oscillation is possibly 

10 caused. In the conventional circuit shown by curves H, L2, the 
ratio Al'/Al exceeds "1" at 2 GHz or more, and the ratio A2'/A2 
exceeds " 1 " in the vicinity of 1 to 5 GHz . In the circuit of the 
present embodiment, however, the ratio does not exceed "1", and 
there is no possibility that the loop oscillation is caused. 

15 Moreover, in a structure of the present embodiment, the capacitor 
element CI of an input stage shown in Fig. 5 is divided into two 
capacitor elements Ci as shown in Fig. 4. However, since the 
capacity value of each capacitor element Ci becomes 1/2, the area 
formed by the capacitor element itself hardly changes. 

20 In the first embodiment, since the capacitor elements Ci 

are connected to the respective base terminals of the transistors 
Ql and Q2 connected in parallel to each other, and the resistance 
element Rb is connected between the respective base terminals 
in this manner, the loop oscillation signal can sufficiently be 

25 attenuated on the loop oscillation path. Moreover, since the 
circuit can be miniaturized in the present embodiment , it is easy 
to constitute MMIC. 
(Second Embodiment) 

A second embodiment is the same as the first embodiment 

30 in a basic circuit constitution, but is characterized in that 
the number of transistor connection stages is increased. 

Fig. 7 is a circuit diagram of a second embodiment of the 
semiconductor power amplifier according to the present invention . 
The amplifier of Fig. 7 is constituted by connecting a plurality 

35 of circuits similar to the circuit of Fig. 4 in parallel to one 
another. Concretely, the capacitor elements Ci are connected to 
the respective base tearminals of four transistors Ql to Q4 , and 



the resistance element Rb is connected between the base terminals 
of the transistors adjacent to each other. 

In the circuit of Fig. 7, inductor elements Lll . LI 2 connected 
to the signal input terminal Pin correspond to first and second 
Inductor elements ( fifth and sixth inductor elements ) , an inductor 
element L13 connected to the inductor element Lll corresponds 
to a third inductor element ( seventh inductor element ) . and an 
inductor element L14 connected to the inductor element L12 
corresponds to a fourth inductor element (eighth inductor 
element ) . 

There are provided with the capacitor element Ci and 
resistance element Rb are connected as shown in Fig. 7, a loop 
oscillation path shown by a dotted arrow yl of Fig . 7 . Since the 
resistance element Rb exists on the loop oscillation path, the 
signal can sufficiently be attenuated, and no loop oscillation 
occurs . 

(Third Embodiment) 

A third embodiment is a modification example of the second 
embodiment , and is characterized in that the signal is transmitted 
to all transistor units at the same phase. 

Fig. 8 is a circuit diagram of the third embodiment of the 
semiconductor power amplifier according to the present invention . 
The circuit of Fig. 8 is constituted by connecting two sets of 
Circuits similar to the circuit of Fig. 4 in parallel to each 
other, and connecting the resistance element Rb between the base 
terminals of the transistor of each set. 

Inthecircuit of Fig. 8, inductorelementsL21 , L22 connected 
to the signal input terminal Pin correspond to first and second 
inductor elements (fifth and sixth inductor elements) , inductor 
elements L23, L24 connected to the inductor element L21 correspond 
to third and fourth inductor elements ( seventh and eighth inductor 
elements) , and inductor elements L25, L2 6 connected to the inductor 
element L22 correspond to fifth and sixth inductor elements (ninth 
and tenth inductor elements). 

In the constitution of Fig. 8, different from Fig. 7, the 
same phase signal can be transmitted to each set. Particularly, 
when the high frequency signal is amplified, influence of an 
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inductor component is easily exerted. Therefore, when the same 
phase signal is transmitted, characteristics can be stabilized. 

Additionally, in the connection of Fig. 8, a distance between 
the input terminal and the capacitor element becomes slightly 
longer than the distance in the connection of Fig. 7. However, 
a distance deviation can be reduced by devising drawing of a wiring 
pattern . 

(Fourth Embodiment) 

In the semiconductor power amplifier shown in the first 
to third embodiments, since the capacitor element is connected 
to the base terminal of each transistor, a direct current bias 
cannot be applied to each transistor. To solve the problem, in 
a fourth embodiment, a circuit for supplying the direct current 
bias to the transistor of the first to third embodiments is added. 

Fig. 9 is a circuit diagram of the fourth embodiment of 
the semiconductor power amplifier according to the present 
invention. The circuit of Fig. 9 is different from the circuit 
of Fig. 7 in that a bias circuit 1 is disposed and an inductor 
element Lc is connected between the base terminal of each of the 
transistors Ql to Q4 and the bias circuit 1. When the inductor 
element Lc is disposed, the base terminal of each of the transistors 
Ql to Q4 is open at a high frequency, and characteristics during 
operation at the high frequency are stabilized. 

When the bias circuit 1 and inductor element Lc are disposed 
as shown in Pig. 9, the direct current bias can be supplied to 
each of the transistors Ql to Q4. 

However, when the inductor element Lc is formed on the 
substrate, since a chip occupying area increases, it is possible 
to miniaturize the chip. Then, Fig. 10 shows an example in which 
a resistance element Rc is used instead of the inductor element 
Lc. 

Since the resistance element Rc of Fig. 10 has to be open 
at the high frequency, the resistance value needs to be increased. 
When the resistance value is increased, the chip occupying area 
is reduced. Accordingly, the semiconductor power amplifier is 
miniaturized, thereby realizing a MMIC. 

Incidentally, Fig. 11 shows a power amplifier disclosed 
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in USP 5,608,353. In comparison of Fig. 10 with Fig. 11, the 
drawings are different from each other only in that the resistance 
element Rb is or is not connected between the base teonninals of 
the transistors adjacent to each other. 
5 In the circuit of Fig. 11, the resistance element Rc is 

connected to the base terminal of each transistor for the purpose 
of enhancing fracture resistance, and the resistance value of 
the resistance element has to be large. When it is assumed that 
the resistance element Rb similar to that of Fig. 10 is connected 

10 to the circuit of Fig. 11 formed with such a purpose, a potential 
difference between the transistors adjacent to each other is 
reduced, and the original purpose of the circuit of Fig. 11, in 
which breakdown-resisting performance can be improved. 

That is . even when the circuit of Fig . 11 is known , to achieve 

15 the purpose of enhancing the breakdown-resisting performance, 
it cannot be considered that the resistance element Rb similar 
to that of Fig. 10 is added to the circuit of Fig. 11. Therefore, 
it is never easy to suppose the circuit of the present embodiment 
shown in Fig. 10 from the conventional circuit of Fig. 11. 

20 Fig. 12 is a circuit diagram of an MMIC amplifier with a 

two-stage constitution including the semiconductor power 
amplifier of Fig. 10. The signal input terminal Pin is connected 
to the base terminal of the first -stage transistor Q5, and the 
collector terminal of the transistor Q5 is connected to the 

25 semiconductor power amplifier having the constitution similar 
to that of Fig. 10. 

In the circuit of Fig. 12, the capacitor element Ci is used 
as an inter-stage matching circuit for matching the first-stage 
transistor Q5 with the subsequent -stage transistors Ql to Q4. 

30 In the aforementioned respective embodiments, an example 

for using the bipolar transistor to constitute the semiconductor 
power amplifier has been described, but MOS and BICMOS transistors 
may be used to constitute the semiconductor power amplifier. 
Moreover, the number of transistors connected in parallel is not 

35 particularly limited. 



